
. ) 

' I hus, the lowest com:cntration when.: a tkvdopmental adverse ~.:l'tct:t was observed was 500 

pglm' from th~.: Dorman e/ ul. (:W05a) study. hasl.!d on tkcr~.:ased livl.!r weight. I his valu~.:, then.:forc, is 

the most appropriate value for comparison to thl.! neurological eftccts NO/\ I ~L of 60 ~tg/m> from the 

occupational !>tudics. /\-; discussetl in our publication (Bailey e / a/. 2009), conversion of the rod~.:nt 

lh.:vdopmcntnl LO/\EL of 500 ~Lg 'm 1 to a human l.!quivalent NO/\ ELt111 <I rl.!sulh in a value of 32 pg 'm' 

for continuou'i e:-..posun.: (compared to a value or 21 ~tg/m1 for continuous c\posure 1 ~ convertetl from thi! 

occupational NO/\EL of 60 )lg/m\ In addition. as discussed below. recent pharmacoldnctic data suggest 

that fetal and m.:onatal Mn brain concentrations were not very different from adult Mn brain 

concentrations l(l llowing exposure to 0.05, 0.5, and I ftg/rn 1 Mn in nir. These studies provide sufficient 

evidence to suggest that developmental effects from inhalation of Mn arc not more sensitive than 

neurological efli..:cts. anti th~.:n.:fore neurological effects remain the most appropriate endpoint for re­

evaluation of the Mn RI'C. 

A.2.4 Recent pha rmacokinc tic data tha t arc n~lcvant to re-evaluation of the Mn RfC 

There have been recent advances in the understanding of the pharmacokindics of inhaled Mn in 

potentially sensiti ve individuals. This has been extensively studied and reviewed by Dorman el ul. (2004. 

2005a.b. 2006a,b) where the authors compared the Mn brain concentrations of healthy young adult male 

rats to rats that were considered to retlect potentially susceptible subpopulations (aged; abnormal 

hepatobiliary function; sub-optimal iron or Mn intake; and fetuses, neonates, and children). The authors 

concluded that inhaled Mn particles result in "qualitatively similar end-of·cxposure brain Mn 

concentrations" in the potential ly susceptible subpopulat ions as compared to healthy young adult male 

rats. 

More recently, physiologically-based phannacokinetic (PBPK) models for inhaled Mn have been 

developed which provide a thorough quantitative analysis of Mn tissue concentrations in rats (Teeguarden 

el a/., 2007a,b.c; Nong el a/ .. 2008), including placental transfer to fetuses (Yoon e1 a/. 2009a). lactational 

transfer to pups (Yoon el ul .. 2009b), and in non-human primates (Nong el of .• 2009). Andersen eta/. 

(20 I 0) summarized these Pl3PK models, describing how the models consider ingestion and inhalation 

kinetics of Mn along wi th homeostatic control of Mn. In addition, n recent presentation of the Mn POPK 

models described a human fetus and neonate model developed by extrapolation from the rat PBPK model 

(Clewell 20 I 0). /\s described by Clewell (20 I 0), the human model pretlicted similar Mn tissue 

concentrations (from Mn exposure concentrations ranging from I to I 0 ~tgtm1 ) in the target brain n.:gion 

11 Sec tlcscriptinn hcluw. 
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in the human Ictus and nursing infant compared to those in the mothc.:r and otlh.:r adults. Application of 

thc.:se PIWK models to M n risJ.. asscs:-.mcnt is warranted. as des<.:ribl.!'<.l by Andcr~en eta/. (20 I 0). Clewel l 

(20 I 0) and others in recent re\ icws (Santamaria and Sulksy. 20 I 0: 13oyes. 20 I 0). 

In addition. as described in Andcr~en 1!1 ul. (2010). the non-human primate PBPK model indicates 

that the "globus pallid us is not expected to ac<.:umulate Mn during exposure~ below I 0 pg m
1
, which is 

wel l above current Mn RfC and typical environmental levels." Similnr results are described by (Clewell 

:!0 I 0) from the human PBPK model. I he monJ..e) and human PI3PK :-.tudie!> ~uggest that concentrations 

be low 10 pg/m
1 

Mn in air me not likely to lend to incrcascd Mn br<tin con<.:entmtions in human n.:tuscs. 

<.:hildren, and adults. An accumulation threshold for Mn is biologically plau~ible bccnuse ivln is an 

csscntial nutrient. and homeostatic control mechan isms limit accumulation of essential nutrients at doses 

lcss than an accumulation threshold (Santamnria. 2008). This accumulation thrcshold should oc 
<.:onsidcrcd in (lilY inhalation risk assessment for Mn. 

A.2.S Proposed M n RfC from Bailey et 11/. (2009) 

As dis<.:ussed above, the three most appropriate occupational ~tudics tor re-evaluation of the Mn 

R t'C. based on using a NOAEL as a point of departure, arc those by Gibbs et ul ( 1999) (NO/\ EL 66 

~tglrn'}. Deschamps t!l a/. (2001) (NO/\EL = 57 ~tglm\ and Young eta/. (2005) (NOAFL - 58 ~tg:m\ 

Because these NO/\ELs arc all very close to 60 pg/m3
, we chose 60 pg/m, as the point of departure for 

derivation of one Mn RfC. We derivcd two Mn RICs. following standard US I]> A mcthodology (US 

EPA. 1994, 2002): one based on the NOAEL of 60 pg/m;, andl ;uwthl!r based on the 95°·o lower 

contidencc limit 011 a benchmark dose associated with 10°'0 l!Xtra ris!.. (13MDL 111)
1
' derived by Clewell et 

ul. (2003) (200 ltg/m \ As described in 11ailey et a/. (2009). and based on the studies available at the 

time, we calculated Mn RfCs or 2 ~tg/nr1 (based on the NOAEL) and 7 ~tg/m 1 
(based 011 the HMDL). 

These Rf<'s wt:re cnlculated as follows: 

First. the points of departure were adjusted to reflect continuous e-;posure (as opposed to 

o~.:<.:upational exposure). 

NOAEI.1111 , 1 NO/\EL x 5/7 days x I 0/20 m;/da) 

BMDLpiH'l 13MDL x 5/7 days X 10/20 111
1
/day 

( I ) 

'' I'll..: term "llMD" is lN:d hen: In be eonsistcnl with 1111.: tcrminolo!:L) u~..:d h) Cl..:ll..:ll eta/. (2003). altlwll!.dl it i-. tcdmkal l) 
rdl:rr..:d to ;1s a llendmwrl.. Com:cn1r;~tin11 (Ill\ I('). 
<• r .. ., ... "'':l··,:~a-•l•iJii lklt\ln·r~,""ti'J,, 
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lhing a NO/\ EL of 60 pglrn 1 results in a l\0/\[:L1111 c 1 60 Jtg 'm' ' 5t7 days x I 01:!0 111 ;fda) 21 

ltg!Jn·
1

. Similarly, using lhe BMDL 10 of 200 pg/m 
1 

deri ved by Ckw..:ll et a!. (2003) results in a 

13MDLttll < 1 of71 ~tg/m ' . 

l'he R f('s were then calculated based on application of appropriat..: uncertainty factors ( UF): 

Rtt' NOAEL1111< 1 or B~IDLII,II II< 1lJFs (2) 

We applied a lJF of 10 for intraspccies variability, based on the data available at the time, leading 

to an R t~ of 2 Jtglm 
1 

(21 Jtg/m 1 I I 0) from the NO/\EL and 7 Jtglm1 (71 Jtglnr1 I I 0) from the BM Dl. 10• 

1\s described in Bailey et of. (2009), the cmrent data suggest that additional UFs arc not necessary for Mn 

species differences in toxicity or for subchronic exposures. In addition. as discussed above. there is no 

need to add a UF for developmental effects. 

1\ It hough the more recent PBPK models discussed here suggest that a lJ F of I 0 may not be 

necessary tor fetuses. neonates, or children, a U F of' I 0 may still be necessary based on other potentially 

sensitive subpopulations (ngcd; abnormal hepatobiliary function; and sub-optimal iron or Mn intake). In 

addition. given the possibility of a threshold of I 0 pglm\ it may not be health protective to derive a Mn 

RfC that exceeds the threshold value. Our RfCs fall just below the proposed threshold. 

A.2.6 Recent draft Mn inhalation toxicity criteria from ATSDR and California EPA 

1\TSDR and California EPA have recently proposed DRAFT Mn inhalation toxicity criteria 

(1\TSDR. 2008; OEI II lA, 2008; Winder et a/. 20 I 0). These values and their bases arc summarited in 

Table /\.2. 

Both the 1\TSDR and California EPA point of departure values (11MCLs of 142 pglm' nnd 72 

~tg/m1, respectively) arc very similar to those used in our analysis. ATSDR incorporates aUF of 10 to 

account for intraspecies variabi I ity, and another lJ F of' I 0 to account for di fTcn.:nces in toxicities in 

different Mn species. database limitations and sensitivities to children. for a total lJF of 100, and a draft 

minimal risk kvcl (MRL) ofO.J ~tg/m3 (6-told higher than the current RtC). California EPA applies aUF 

of 100 for intra-;pccics variability, and a UF of 3 tor usc of a subchronk study, for a dratt reference 

exposure kvt:l (REL) of 0.09 pg/m' (1.8-fC>Id higher than the current Rlt'). As discussed above, recent 

/\-10 Gradient 



PBPK models suggest that a ur: for sensitivity to chi ldren, neonates. and fetuses. is not necessary. and a 

UF of I 0 should he sufficient for other potentially sensiti ve -;uhpopulations. Further, as discussed in 

Bailey et al. (2009). u UF tor different Mn species is also not necessary bccaus~.: the toxicity value is 

based on the more common environmental form of Mn (i.e .• the less soluble Mn oxides, commonly 

generated from metallurgical prot.:esses such as steel production) and therefore would be most generally 

applicable. It may be appropriate to adjust the toxicity values for more soluble forms of Mn (e.g., Mn 

sulfates) on a t.:ase by case basis. Or, if an adjustment factor is applied to account for differences in 

toxicity of Mn species, an adjustment should be allowed for exposures to less bioavailable Mn species10
• 

Finally, as discussed in our paper (Bailey eta/. ~009), a lJ F for use of a subchronic study is not necessary. 

As described by Clewell et a/. (2003), analysis of the dose response data for subclinical effects of Mn 

provides evidence that exposure concentration is the determining factor for the appearance of subclinical 

effects. and not exposure duration. 

Before tinali;ing these drnfl toxicity values. AT 'DR, Cali fornia EPA, and other regulatory 

agencies should consider the recent PBPK models dist.:ussed here that: I) address intraspecies variability 

and sensitivity to t.:hildrcn, neonates, and ll:tuses; and 2) suggest a potential threshold exists (I 0 ~tg!m\ 

likely duc to thc fact that Mn is an essential metal, below whi<.:h Mn brain t.:oncentrations arc not likely to 

increase in adults, children, neonates. and fetuses. 

1'·lt is imponantto pointoutthatthc I'BI'K studies that :suggest an acctunulation threshold lor Mn in the hrJin oft() pg/m1 11crc 
conducted "ith tht: more soluhlc, more hioavailab!e, and potcntinlly more toxi~.: Mn sulfates {Non!( I.'/ ul. 2009: Andcn.cn eta/., 
201 0). 
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of manganese in rats: Predicting manganese tissue concentration in the dam nnd pups from inhalation 
exposure with a pharmacokinetk model." Tnxicol. Sci. I I:!( I ):23-43. 

Young, r: M) ers. JE: rhomp~on. M L. ::!005. "l'he nervous system cff~cts of occupational expo~urc to 
mnngnncse - measured as respirable dust - in a South African manganese smelter." Newotoxico/ogy. 
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Table A. I 
Chronic Inhalation Manganese Occupational Studies Published in or After 1992 (from Bailey et at., 2009) 

Reference Location Exposed ~on-exposed :\lean :'\eurologic;tl Tests :\OAEL I LO.-\ EL Findings Sta t istical!~ 

Population Population Exposure Employed (Jlg/mJ) I (l>g!m'J Signilicantl) Associated '' ith 
(n) (n) Duration ~In 

L' ears) 
Study used as basis of current US EPA JRJS RfC 
Roels er a/. Bdgium Dry alkaline Polymer 5.3 • Visual reaction time NA Geometric • \ ' isual reaction ti me 
( 1992) banery processing • Hnnd-e) e coordination :VIean lSDl • 1-lan<.l-e~ o: coordination 

''orkcrs (9::!) facto!) • Hand steadiness Respirable • Hand steadiness 
\\OrJ...ers ( 1011 • \udio-verbal short term :-..In: 

me mol) 150 
(Lifetime 
Integrated 
Exposure of 
793 ~·g m1 

5.1 ) ears) 

Personal 
sampler 

CO HORT I 
Chia era/ Singapore i\ lilling plant Hospital 7.-l • Digit span '\A \-lean total • \ lotor speed 
( 1993) baggers ( 17) housekeeping • Santa Ana dexterity test ~In (95% Cl): • \' isual scanning 

workers ( 17) • Digit S} mbo1 test 1.590 ( 1. 190- • \ ' isuomotor coordination 
• Benton visual retenlion 1.990) • \'isuomoror ami response 

test speed 
• Pursuit aiming test • \'isuomotor coordination 
• Finger tapping Personal and steadiness 
• Trail making test sampler 

--

tl:.:'illl dOl.."' A-1 7 
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...," ,o~ooo 0 tJ t...> (J 0 , , (;. ) ~...> 0 0 0 (Lj f>J v v <U Q ) t 

COI-IORT 2 I 

\ lergler eta/. Quebec \\"orkers at Workers from 16.7 • \ lotor functions :\"A Arithmetic • Emot•onal stare 
( 1994) ferro,silico neighboring • Sensory functions mean • \ lotor functions 

manganese plants ( l-t5) • Speech initiation and respirable \In: • Cognlliw tlexibil it) 
plant (l iS ) regulation 122 • Olfactor) perception 

• Allention. thr.:sho lc.J 
concenrration. and Personal and 

memory stationary 

• Cognith·e llexibilit) samplers 

• Proli le of mood stmes 
i 

Bouchard et a/. Follow-up of Former Workers from 15.7 • ~europsychiatric '\A Arithmetic • Depression and anXIety 
(2006a.b) \ lergler et a!. work\:rS from neighboring symptoms (brief mean • Poorer scores o n the Luria 

( 199-11 cohon ferro silico plams ( 8 l l S) mptom ill\ entOI) I re~pirable \In: \ lo10r Seal<!. the Hanc.J 
manganese • Global ind ices of 122 Steadiness Tcsr. and the 

I 
S\\. Quebec plant (77) distress color-\\Ord trial ofthc 

• '\eurobehaviordltcsts Persona l ano ~troop Color-WorJ test as 
( \lot or Scale of the swtionary ''dl as the Con fusion-
Luria-:\"ebraska samplers Bewilderment PO\ IS scale 
:\"europs) chological 
Balle!). linger-tapping. 
dynamometer. '\ine-
Hole !land Steadiness. 
Cancellation H. Trail 
\laking A&B. Stroop 
color-word test. digit 
span, delayed \vord 
recall. symbol digit 
modalities test ) 

• Profile of mood states 

' --- - -- ---- -- --- --~ 

G ~n 'c"'h ::• q ,,._B.:II\In Tc:,!Pr.\c 
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CO IIORT3 
Gibbs eta/. :"\orthern Alkaline Pigmenr-grade 12.7 • H<~nd c} e coordination :\rithmt:tic >-:A '\one 
( 1999) :'\. lississippi barter} plant titanium • Hand steadiness mean tSD) 

workers with dioxide plant • Complex reaction time respirable 
recent (63) workers ( 73 l • Rapidit) of motion i\ In: 
and or and sodium • Steadiness 66{59) 
historical 1 12) chlorate • Tap time 
exposure production Personal 

facilil} sampler 
workers (at 

alkaline 
batter} plant) 
{:!) 

COIIORT -t I 

Lucchini eta/. Italy ,\I ale workers '\/one 13.8 • Simple reaction time l'\one Range of • \ddi tions 
( 1995) from Italian (high) • Shapes comparison geometric • S) mbo l digi t 

ferro-alloy • Additions Range of means (over • Finger tapping 
plant (581 11.8 • S) mbol digit geometric I 0 ) ears) total • Digit span 
during forced (mt:clium) • Finger tapping means \In: 270-
cessation of • Digit span (O'-Cr 10 1,590 
work ( 1--12 12.9 yearsl total 
da)SJ. High (IO\\) \In: 12-1- Personal nnd 
exposure ( 19), 319 stmionar: 
medium sampl.:rs 
exposure 1 I C)), Personal 
tow exposure and 
(201 stationar: 

samplers -

rl~r,J h doc, A-19 
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Lucchini eta/. FoiiO\\-up of Ferro-allo~ ~laintenance 15.2 • Addition, digit span. '\A Geometric • Irritability, loss of 
( 1999) Lucchini .:1 a/. male workers and aux i I ial) tinger tapping. symbol mean to tal equilibrium and rigidity 

( 1995 ) (61) worl-ers from a d igit \ In: • Symbol digit. finger 
local hospital • \lotor tasks (open- 96 ~·gIll ' tapping. and dig it span tests 

Ita I) (87) closed hand tests, tGeomean 
thumb-finger touch C urnui:Jtive 
tests) Exposure 

• Postural tremor lnde'l. o f 1, 113 

• Coordination (hand J.Jg 111 ' from 

pronat ion/supination. mid gro up I 

reaction time) geomean of 

• S) mptoms 11.51 ) ears ) 

Personal and 
stat ional)· 
samplers 

CO HORTS 
Crump and Belgium \I anganese Chemical Plant 14 • ShorHerm memO!) '\A \led ian total :-.:one 

I 
Rousse:lll oxide worl-ers ( 104) • Hand-e) e coordination \In: 
( 1999)0 ( 114) • Hand steadiness 970b 

• Visual reaction time 
Personal 
sampkr 

----~ - -------- - --- - -L..-....- - - - - - ---- -- - - - - ~-- - - ------ -

'\ B~H\l!"' Tc. .!PI I\,. 
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COHORT 6 
Deschamps rtl France Enamels Technicians 19.9 • Sensory and motor Arithmetic I ~A Th~ visual gestalt test scorl! 
a/ 120011 production from public exam of cranial nen es mean {SD! \\<IS high.:r in workers e'posed 

\\Orkers 1 138) sen·ice • Fine-touch. motor. and respirable to \In for 11-15 years. but the 
employers and sensory exam of pO\\ er \In: authors a11ribute this to the 
laborers from of all main muscle 57 (8~1 higher technical skills of this 
local groups group of six workers. This is 
municipal • Reflex test supported b) a lack of dose-
operations • Cerebellar Personal response relationship. as no 
( 137) abnormalities sampler stallsticall) signi lic::mt effects 

• Tests of domains of were noteu in the four people 

speech regulation and e\posed 16-19 ~ eilrs or the 69 

initiation, anent ion. people exposed for 20~ ) cars. 

concentration, and 
memo I). cognitive 
flexibility. and affect 

• Qu<"stionnaire for 
neuropS) chological 
status 

-- ~- -- ---

G JI;..::Ji!(b 1, ·"_Bell\!n T~IPh't 
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COHORT7 
Basi-Pettcrsen ~ot Slated :-.In allo) plant 
el al (2004 J workers ( I OOl 

- - ~ ~ -

G Pf1 1ccb ::u (,;-._Dcll\1:-~ Tn~Pre'lc 

Silicon and :!0.2 
micros i I ica 
plant and 
titanium 
diox1de slag 
and pig iron 
plant worl..crs 
( 100) 

"''·""~'"'" ' 4/ .... e./ ...., -

• Cognitiw funclions 
(Wechsler's adull 
intelligence scale, digit 
S} mbol. trai l making 
lest, Stroop test) 

• :'\ lotor tests (hand 
steadiness/ tremor, K love 
-\latthews Srauc 
readiness test. 
TRE\IOR teso 

• !'.loto r speed grip 
strength (1inger tapping. 
foor tapping, 
dynamometer, g rooved 
pegboard. C.-\ TSYS. 
Luria-Nebraska thumb-
finger touch. simple 
reaction time. hnnd C) e 
coordination J 

~ - ---L.-.- ·-- - - - - - -

ol!· "'""'' A -22 
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:\A Arithm.:tic • Postural tr~mvr in 'isuall~ 
\lean (range) guided tremor tesls 
re~pirable • Increased duration of 
:-.In: contacts 

64 (3-356) • Lnrger li·equency 
dispersion of tremor 

Personal • T remor increased in 
sampler e\posed smol..ers 1·s. non-

smol..ers 

. 
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COHORTS I 

Young eta/. South Africa ~I anganese Electrical 18.2 • Digit-span (forward and :--Jedian ~:\ Statisticall: signi lie ant 
{2005) sme Iter assembly plant back\\ard), digit (range) associations obsef\ed for 

wor~crs ( 509) workers (67) S) mbol. Santa Ana respirable almost all neurological rests. 
~ore: \.I) ers • \.lean reaction time. :--In: Thest: occurn:d primaril) with 
eta/. (2003) tapping dominant and 58(3-510) Cllncenrrallons < I 00 pg m' . 
obsem:~d non-dominant hand. abm e whi.:h the r.:lationships 
similar results endurance E'<posure "ere "flat." Thus. these 
in the same • CATSYS. tremor, and indices dTects arc likel} not to be 
cohort baseJ sway anributed treatment-related. 
on total • Luria-:-..:ebraska tesr or 
manganese interpolated 
concentrations] from 98 

personal 
samplers 

! 

~ Smc(1· of the suuw coflun o(.lln-oxide salt workers as that in Rwls et a/. f 19tr). 
From Rot!ls I! I a/. ( 198-;. as prl!sented m!RIS. 
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Agency 

L'S EPA 1 1993) 
(currenl) 

ATSDR (2000) 
(current) 

A TSDR (:!008) 
(draft) 

California EPA 
tOEHHA. ::!008) 
(tirati) 

Baik> t:!l a/. (20U9) 
(proposed) 

Exposure Period 

Chronic Reference 
Concemration ( R fC) 

Chronic \linimal Risk 
Level !MRLJ 

Chronic ;..1ini111al Risk 
Le,·el (VIRL) 

Chronic Reference 
Exposure Level (R[L) 

Chronic Rderence 
Concentrations ( RfC) 

. .., 'J ~ 
~ 

Table A.2 
Current and Proposed !\1n Inhalation T oxicity Criteria 

J'oinl of Departure x II EC 
Conversion·' 

!50 ~tg m3 LOA EL x 5.7 da} s x 
I 0/20 m3 /day= 50 pg. m3 

tRoels o:t al. 199:!J 

7~ pg m3 B'v1CL1, x 57 da)S x 
81:!-t h day = 18 pg m' 
(Roels et al .. 1992) 

I ~2 pg 1113 BMCL10 x 5 7 days x 
8'2~ h day = 33 pg/m1 

(Roels et at .. 1992) 

n pg m1 BMCLo; X 5 7 days X 

10120 m' da) = :!6 pg 1113 

<Rocls et al .. 1992) 

60 pg m' :"\OAEL x 5 7 day!> x 
I 0.':!0 1111 day = 11 pg m3 

(Gibbs et at .• 1999: Deschamps 
et a/., :!00 I ; Young et a/., 2005) 

100 pg m3 BMCL10 x 517 days x 
10t20 m' da) = 71 ).lg m1 

<Clewellet a/ .. 2003) 

l'ncertaint) Factors 

I 0 1 intraspecics) 

10 (database limitations: :"\ In species: 
subchronic stud~: lad. of development:~ I 
data) 
10 (use of a LOAELJ 
1000 (TOT.-\L) 

10 (intraspecies) 
I 0 (database limitations: :VI n species: lack 
of de\·elopmcntal and reproJucti\'e data) 
5 (sensitivil) children) 
500(TOTAL) 

10 (intraspecies) 
10 (database limitations: \In species: 
sensitivit) to children) 
100 (TOTAL) 

3 (subchronic study) 
100 (intraspecies: I 0 for toxicokinetic and 
I 0 for toxicod~ namic dift~rences 1 
300 (TOTAL) 

10 (intraspecies) 

10 (inrraspecies) 

"/Iuman J-:qun·aknt Ccm .-em ration rHEC) dett?rmint?d b) lgt!IIC) 

A -24 

,. '\~, ... , .. 
- - v , ,, • . ~ 4.· 

Yalue (~tg nl) 

0.05 

0.0-1 

0.3 

0.09 

:! 
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Areas of Expertise 

)0 Unlwr~•ty Road 
Cambridge, MA 02138 
617-395 5000 

Barbara D. Beck, Ph.D., DABT, FATS 
Principal 

hbed a gradiemcorp.com 

Ri)J,. assessment, exposure nssessment, toxicology, metal~. inhaled pollutants, soil contaminants, 
historical knowledge of toxicology. 

Education & Certifications 

Ph.D., t\lolccular Biology and t-. licrobiology, Tuns llniwrsity. 1976. 

A.l3 .. f1iology. l3ryn t-. lawr College. 1968. 

Diplomate of the r\mericnn Board ofToxicology, 19H8~ recertified 1994. 19Q9, :!00·1, 2009. 

Ft:l low, Academy of Toxicological Sciences. 2002 to Present. 

t\-lember. UK Register of Toxicologists. 2004: recertified 2007. 2009. 

President. Academy of Toxicological Sciences. July I. 2009to June JO. 20 I 0. 

Professional Experience 

1987 Present GRADIENT, Cambridge. t\IA 
Principal. Environmental consulting practice includes evaluation of chemical toxicity. health risk 
assessment for cancer and non-cancer endpoints. review of animal toxicology studies, and multi­
media asscs~ment of exposure to environmental chern icals. Special emphasis on melals and inhaled 
chemicals. 

1985 Present IIARVA RD SCIIOOL OF PU13LIC HEAL f l l, Bo)ton, MA 
Visiting Scientist in Toxicology. 

1985 1987 REGJO, I ENVIRON~IENTAL PROTECTION AGENCY, Boston, Mt\ 
Regional Expert in Toxicology and Supervisory Scientist. Air Toxics Stan·. Performed risJ,. 
assessments for toxic air pollutants. General staff responsibilities included air impacts at waste sites, 
state air toxic programs, and US EPA radiation programs. 

1979 1985 IIARVARD SCIIOOL OF PUBLIC HF.ALTII. Cambridge. f\.IA 
Research Associate in Environmental Science and Physiology and l·cllow in Interdisciplinary 
Programs in llt:alth. Developed short-term animal bi oassay for pulmonary toxicants. Editor and 
author of monograph on variations in suseeptibilit) to inhaled pollutants for both cancer :md non­
cancer endpoints. 

I 978 1979 TUFTS UNIVERSITY SCIIOOL OF t\li :DICINE, l3oston. MA 
Instructor in Protein Chemistry. Isolated phagoc) tosis inhibiting factor from immunoglobulin of 
individuals with inherited susceptibility to bacterial infections. 

!977 1978 IIARVA RD UNIVERSITY, Cambridge.MA 
Postdoctoral Fellow in Biology. Researched novel propertiL'S of bacterial protein elongation f.'lctor, 
EF'- l'u, relevant to possible role as a struclllral protein. 

1975 1976 UNIVERSITY OF MASSACI IUSETTS ~IEDICAL SCHOOL. Worcester, 'v!A 
Postdoctoral Fellow in Microbiology. Isolated and analyted messenger R\Jt\ from sl ime molds. 
Initiated project on elong:1tion li1ctor. EF-Tu. 
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• ~lid-America Courw in ro:dcolog). 1988. 
• Pulmonary Pathophysiology. l lni\Crsit> ofVcrmontl\h.:dical School. 1<)70. 
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